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Aging of Spider Silks 

Shigeyoshi Osaki d 


Abstract Effect of ultraviolet rays on drag lines, which were secreted at different 
life stages of spider Nephila clavata , was studied from the aging point of view. The 
radicals due to the degradation of protein molecules were measured as a function of 
the irradiation time of ultraviolet rays and the spider age by the electron spin reso- 
nance ESR method. It was found that the radical intensity for drag lines from the 
mature spiders was larger than that from the juvenile spiders. This tinding suggests 
that the aging should be considered for the silks secreted from the old spiders. 


Introduction 

It is one of the scientific problems to study the aging not only of the biological 
tissue (Yamamoto et al., 1988; Osaki, 1990) but also of the biomaterials secreted from 
living animals. 

Spider silks such as drag lines secreted from the spider body have been studied 
from mechanical, physico-chemical, thermal, and optical points of view ( e.g . Work, 
1976; Work & Morosoff, 1992; Gosline, 1984; Osaki, 1989 a, b). The drag lines 
are very important for the spider to move, descend from trees, prey insects and 
make orb-webs. The orb-web is irradiated outdoors by ultraviolet rays. It is 
interesting to ask from the aging point of view how this irradiation affects spider 
silks at different life stages. Nephila clavata spiders in Japan are born in May of 
spring and die in November of autumn. We have reported that the seasonal 
change in color of drag lines (Osaki, 1989 b) and the change in their amino acid 
composition (Osaki, 1989 a) with age. However, the aging of the spider silk has 
not as yet been studied. 

The present study concerns the aging of spider silks based on the effect of 
ultraviolet rays on the drag lines secreted at different stages of life. 

Materials and Methods 

The samples used were drag line silks forcibly pulled out of the bodies of many 
spiders of Nephila clavata L. Koch, 1878 collected from May (just after birth) to 
October (just before death) 1991. The drag lines were automatically wound 
around a rectangular frame at a rate of about 20cm/sec. The body weight of 
female N. clavata increased linearly from juvenile in spring to mature in autumn 
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(Osaki, 1987). The electron spin resonance ESR spectra were measured byJES- 
FEIX (JEOL, Japan), with irradiation of ultraviolet rays from the high pressure 
mercury lamp of 500 watts. The sample weight for ESR measurements was ca. 
1.5 mg. 


Results and Discussion 

Figure 1 shows ESR spectra measured just after the ultraviolet rays were 
irradiated for different minutes to the drag lines pulled from female N. clavata 
collected on September 7. The magnetic field applied to the sample was 3,284 



Fig. 1. Spectra of ESR for drag lines forcibly pulled from mature spider Nephila clavata 
collected in September at different times of ultraviolet ray irradiation. The g value 
was 2.007. 
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gauss ±2,500 gauss and the g value was determined to be 2.007 for the observed 
radical. It is well known that the ultraviolet rays induce the degradation of 
polymer molecules due to the breaking of Chemical bonds. Since the radical 
intensity in the ESR Spectrum expresses the degree of Chemical decomposition of 
silk protein, the increase in the intensity may be related to the aging of the drag 
lines. 

The relative radical intensity, which is defined as a ratio of the radical intensity 
at a given time to the intensity at an initial time, for drag lines of N. clavata 
collected at different seasons appears in Fig. 2 plotted against irradiation time of 
ultraviolet rays. The radical intensity for drag lines secreted from the mature 
spider initially increases with the time of irradiation and then approaches an 
asymptotic value. On the other hånd, the radical intensity I of drag lines secreted 
from the juvenile spider increases very slowly with time and is much smaller than 
that for the mature spider. 

The empirical formula 

1=1 ±C{1 —exp (—Bt)} (1) 

tits the data shown in Fig. 2, where C and B are constants associated with the 
stage of spider’s life. The values of C and B for the drag lines from the young 
spider are much smaller than those from the old spider. Thus, the drag lines of 
the mature spiders have many radicals in the protein molecules, which suggests that 



Fig. 2. Time dependence of relative radical intensity under ultraviolet ray irradiation 
measured by ESR for drag lines forcibly pulled from Nephila clavata. 
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the drag lines of the mature spiders in autumn are easier to degradate than the 
juvenile spider in spring. This tinding suggests that the aging should be considered 
for the biomaterials such as the silks secreted from the old spider as living animals. 
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